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Abstract: 

New information architectures enable new approaches to publishing and accessing 
valuable data and programs. So-called service-oriented architectures define standard 
interfaces and protocols that allow developers to encapsulate information tools as 
services that clients can access without knowledge of, or control over, their internal 
workings. Thus, tools formerly only accessible to the specialist can be made available to 
all, previously manual data processing and analysis tasks can be automated by having 
services access services. Such service-oriented approaches to science are already 
being applied successfully, in some cases at substantial scales, but significant further 
effort is required before these approaches are applied routinely across many disciplines. 
Grid technologies can accelerate the development and adoption of service-oriented 
science, by enabling a separation of concerns between discipline-specific content and 
domain-independent software and hardware infrastructure. 

 

P#ul &rd)s cl#i-ed th#t # -#the-#tici#n is # -#chine for turning coffee into theore-s5 The 
scientist is #rgu#7ly # -#chine for turning d#t# into insight5 Ho:e;er< #d;#nces in infor-#tion 
technology #re ch#nging the :#y in :hich this role is fulfilled< 7y #uto-#ting ti-e-consu-ing 
#cti;ities #nd thus freeing the scientist for other t#s>s5 ?n this #rticle< ? discuss ho: ser;ice-
oriented co-putingAtechnology th#t #llo:s po:erful infor-#tion tools to 7e -#de #;#il#7le 
o;er the net:or>< #l:#ys on t#p #nd e#sy for scientists to useA-#y contri7ute to th#t e;olution5 

The pr#ctice of science h#s of course #lre#dy 7een #ffected dr#-#tic#lly 7y infor-#tion 
technology #nd in p#rticul#r 7y the ?nternet5 Bor eC#-ple< the hundreds of gig#7ytes of geno-e 
seDuence #;#il#7le online -e#ns th#t for # gro:ing nu-7er of 7iologists< Ed#t#F is so-ething 
they find on the Ge7< not in the l#75 Hi-il#rly< e-erging Edigit#l o7ser;#toriesF I#lre#dy se;er#l 
hundred ter#7ytes in doJens of #rchi;es KLMN #llo: #strono-ers to pose #nd #ns:er in seconds 
Duestions th#t -ight pre;iously h#;e reDuired ye#rs of o7ser;#tion5 ?n fields such #s cos-ology 
#nd cli-#te< superco-puter si-ul#tions h#;e e-erged #s essenti#l tools< the-sel;es producing 
l#rge d#t#sets th#t< :hen pu7lished online< #re of interest to -#ny KOM5 Pn eCploding nu-7er of 
sensors KQM< the r#pidly eCp#nding co-puting #nd stor#ge c#p#7ilities of feder#ted Rrids KSM< #nd 
#d;#nces in optic#l net:or>s KTM #re #cceler#ting these trends 7y -#>ing incre#singly po:erful 
c#p#7ilities #;#il#7le online5 

Ho-eti-es< ho:e;er< the thrill of the Ge7 see-s to 7lind us to the true i-plic#tions of these 
de;elop-ents5 Hu-#n #ccess to online resources is cert#inly highly useful< putting # glo7#l 
li7r#ry #t our fingertips5 But ulti-#tely< it is #uto-#ted #ccess 7y soft:#re progr#-s th#t :ill 7e 
truly re;olution#ry< si-ply 7ec#use of the higher speeds #t :hich progr#-s c#n oper#te5 ?n the 
ti-e th#t # hu-#n user t#>es to loc#te one useful piece of infor-#tion :ithin # Ge7 site< # 
progr#- -#y #ccess #nd integr#te d#t# fro- -#ny sources #nd identify rel#tionships th#t # hu-#n 
                                                 
V M#the-#tics #nd Xo-puter Hcience Yi;ision< Prgonne Z#tion#l [#7or#tory< Prgonne< ?[ \]SQ^< _5H5P5< 
#nd Yep#rt-ent of Xo-puter Hcience< _ni;ersity of Xhic#go< Xhic#go< ?[ \]\Q`< _5H5P5 &--#ila 
fosterb-cs5#nl5go;5 Plso Bounder #nd Xhief cpen Hource Htr#tegist #t _ni;# Xorpor#tion5 
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-ight ne;er disco;er un#ided5 T:o dr#-#tic eC#-ples #re syste-s th#t #uto-#tic#lly integr#te 
infor-#tion fro- geno-e #nd protein seDuence d#t#7#ses to infer -et#7olic p#th:#ys K\M #nd 
syste-s th#t se#rch digit#l s>y sur;eys to loc#te 7ro:n d:#rfs K`M5 

The >ey to such success is unifor-ity of interf#ce< so th#t progr#-s c#n disco;er #nd #ccess 
ser;ices :ithout the need to :rite custo- code for e#ch specific d#t# source< progr#-< or sensor5 
&lectric po:er tr#ns-ission st#nd#rds #nd infr#structure en#7led the electric po:er grid #nd 
spurred the de;elop-ent of # plethor# of electric tools5 ?n # si-il#r -#nner< ser;ice technologies 
en#7le the de;elop-ent of # :ide r#nge of progr#-s th#t integr#te #cross -ultiple eCisting 
ser;ices for such purposes #s -et#7olic p#th:#y reconstruction< c#tegoriJ#tion of #strono-ic#l 
o7dects< #nd #n#lysis of en;iron-ent#l d#t#5 ?f such progr#-s #re the-sel;es -#de #ccessi7le #s 
ser;ices< the result c#n 7e the cre#tion of distri7uted net:or>s of ser;ices< e#ch constructed 7y # 
different indi;idu#l or group< #nd e#ch pro;iding so-e origin#l content #ndeor ;#lue-#dded 
product KfM5  

Ge see this e;olution occurring in the co--erci#l ?nternet5 Ps the Ge7 h#s eCp#nded in sc#le< so 
the preferred -e#ns of finding things h#s e;ol;ed fro- g#hoohs -#nu#lly #sse-7led lists to 
Rooglehs #uto-#tic#lly co-puted indices5 Zo: Roogle is -#>ing its indices #ccessi7le< spurring 
de;elop-ent of yet other ser;ices5 Gh#t -#>es Rooglehs indices fe#si7le is the eCistence of l#rge 
Du#ntities of d#t# in # unifor- for-#t KHTM[M #ndAt:o i-port#nt f#ctors th#t -ust 7e 
considered :hen :e turn to scienceAs-#rt co-puter scientists to de;elop the #lgorith-s #nd 
soft:#re reDuired to -#n#ge the L]]<]]] co-puters used K#t l#st countM to #n#lyJe Ge7 lin> 
structure< #nd s-#rt 7usinesspeople to r#ise the -oney th#t p#ys for those co-putersi 

The ter- "#$%&'#-)$&#*+#, .$'/&+#'+0$# refers to syste-s structured #s net:or>s of loosely 
coupled< co--unic#ting ser;ices K^M5 Thus< "#$%&'#-)$&#*+#, "'&#*'# refers to scientific rese#rch 
en#7led 7y distri7uted net:or>s of interoper#ting ser;ices5 IThe ter- eHcience< coined 7y john 
T#ylor< h#s # si-il#r 7ut 7ro#der connot#tion KL]M5N  
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Xre#ting # ser;ice in;ol;es descri7ing< in so-e con;ention#l -#nner< the oper#tions th#t the 
ser;ice supportsk defining the protocol used to in;o>e those oper#tions o;er the ?nternetk #nd 
oper#ting # ser;er to process inco-ing reDuests5 P set of technologies c#lled W#2 "#$%&'#" K^M #re 
g#ining :ide #ccept#nce for these purposes5 P ;#riety of co--erci#l #nd open source Ge7 
ser;ices tools eCist for de;eloping ser;ices< deploying #nd oper#ting ser;ices< #nd de;eloping 
client #pplic#tions5 P f#ir degree of eCperience h#s 7een g#ined :ith the cre#tion of ser;ices #nd 
#pplic#tions in different science do-#ins5 Ghile pro7le-s re-#in Ke5g5< efficiency< 
interoper#7ility of different ;endor offeringsM< the technology is :ell 7eyond the eCperi-ent#l 
st#ge5 Ze;ertheless< it c#n still 7e # signific#nt step to re#liJe the full potenti#l of ser;ice-oriented 
science< for re#sons th#t ? no: discuss5 

I*+#$)4#$.2&5&+65 Her;ices h#;e little ;#lue if others c#nnot disco;er< #ccess< #nd -#>e sense of 
the-5 get< #s  Htein h#s o7ser;ed KLLM< tod#yhs scientific co--unities too often rese-7le 
-edie;#l ?t#lyhs collection of :#rring city st#tes< e#ch :ith its indi;idu#l leg#l syste- #nd di#lect5 
Ge7 ser;ices -ech#nis-s for descri7ing< disco;ering< #ccessing< #nd securing ser;ices pro;ide # 
co--on #lph#7et< 7ut # true lingu# fr#nc# reDuires #gree-ent on protocols< d#t# for-#ts< #nd 
ulti-#tely se-#ntics KLOM5 Bor eC#-ple< the definition of lcT#7le< # st#nd#rd mM[-7#sed 
represent#tion for t#7ul#r d#t# KLQM< h#s 7een # po:erful force for progress in #strono-y5 

S'.5#5 Her;ices -ust often de#l :ith d#t# ;olu-es< co-put#tion#l de-#nds< #nd nu-7ers of users 
7eyond the c#p#city of # typic#l PX5 nesponding to # user reDuestAor to the #rri;#l of ne: 
d#t#Ac#n in;ol;e l#rge #-ounts of co-put#tion5 Bor eC#-ple< the Prgonne RZPn& syste- 
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se#rches periodic#lly through YZP #nd protein d#t#7#ses for ne: #nd upd#ted geno-es #nd then 
co-putes #nd pu7lishes deri;ed ;#lues KLSM5 Pn#lysis of # single 7#cteri#l geno-e of S<]]] 
seDuences 7y three 7ioinfor-#tics tools KB[PHT< PBPM< #nd B[cXoHM reDuires LO<]]] steps< 
e#ch t#>ing on the order of Q] seconds of run ti-e5 RZPn& is #7le to perfor- these t#s>s in # 
ti-ely f#shion only 7ec#use it h#s #ccess to distri7uted resources pro;ided 7y t:o _5H5 n#tion#l-
sc#le infr#structures< Ter#Rrid #nd cpen Hcience Rrid Ksee 7elo:M5 

The i-p#ct of #uto-#tion on ser;ice lo#d -ust #lso 7e considered5 ?t is i-pro7#7le th#t e;en # 
tiny fr#ction of the perh#ps T]]<]]] 7iologists :orld:ide :ill decide to #ccess Ren7#n>< 
RZPn&< or #ny other ser;ice #t the s#-e ti-e5 Ho:e;er< it is Duite concei;#7le th#t T]<]]] 
E#gentsF oper#ting on their 7eh#lf :ould do soA#nd th#t e#ch such #gent :ould :#nt to gener#te 
thous#nds of reDuests5 

M.*.:#;#*+5 ?n # net:or>ed :orld< #ny useful ser;ice :ill 7eco-e o;erlo#ded5 Thus< :e need to 
control :ho uses ser;ices #nd for :h#t purposes5 P#rticul#rly ;#lu#7le ser;ices -#y 7eco-e 
co--unity resources reDuiring coordin#ted -#n#ge-ent5 Rrid #rchitectures #nd soft:#reA# set 
of Ge7 ser;ices technologies focused on distri7uted syste- -#n#ge-entAc#n pl#y #n i-port#nt 
role in this reg#rd KLTM5 

<0.5&+6 ')*+$)55 Ps the nu-7er #nd ;#riety of ser;ices gro: #nd interdependencies #-ong 
ser;ices incre#se< it 7eco-es i-port#nt to #uto-#te pre;iously -#nu#l Du#lity control 
processesAso th#t< for eC#-ple< users c#n deter-ine the pro;en#nce of # p#rticul#r deri;ed d#t# 
product Kf< L\M5 The #7ility to #ssoci#te -et#d#t# :ith d#t# #nd ser;ices c#n 7e i-port#nt< #s c#n 
the #7ility to deter-ine the identity of entities th#t #ssert -et#d#t#< so th#t consu-ers c#n -#>e 
their o:n decisions concerning Du#lity5 

I*'#*+&%#"5 P scientist -#y :or> long hours in the l#7 to o7t#in results th#t -#y 7ring tenure< 
f#-e< or fortune5 The s#-e ti-e spent de;eloping # ser;ice -#y not 7e so re:#rded5 Ge need to 
ch#nge incenti;es #nd en#7le speci#liJ#tion so th#t 7eing # ser;ice de;eloper is #s honor#7le #s 
7eing #n eCperi-ent#list or theorist5 ?ntellectu#l property issues -ust #lso 7e #ddressed so th#t 
people feel co-fort#7le -#>ing d#t# #;#il#7le freely5 ?t is perh#ps not surprising th#t #strono-y 
h#s led the :#y in putting d#t# online< gi;en th#t its d#t# h#s no >no:n co--erci#l ;#lue5 

Hcientists #re cert#inly not #lone in gr#ppling :ith these ch#llenges5 Ho:e;er< science is perh#ps 
uniDue in the scope #nd sc#le of its pro7le-s< the nu-7er #nd di;ersity of potenti#l contri7utors< 
#nd the su7tlety of the Duestions th#t ser;ice net:or>s c#n 7e used to #ns:er5 
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Ps sc#le incre#ses< cre#ting< oper#ting< #nd e;en #ccessing ser;ices 7eco-e incre#singly 
ch#llenging5 Ho: do :e ensure th#t ser;ice-oriented science re#liJes its pro-ise of 7eing # 
de-ocr#tiJing force< r#ther th#n incre#sing the g#p 7et:een the Eh#;esF #nd Eh#;e-notsFp 

P#rt of the solution is # f#-ili#r ide# in co--erci#l infor-#tion technology< n#-ely< )0+")0$'&*:5 
Building #nd deploying # ser;ice reDuire eCpertise #nd resources in three distinct #re#sa KiM the 
do-#in-specific ')*+#*+Ad#t#< soft:#re< #nd processesAth#t is to 7e sh#red< KiiM the do-#in-
independent soft:#re =0*'+&)*" need to oper#te #nd -#n#ge the ser;ice #nd to en#7le co--unity 
#ccess< such #s -e-7ership ser;ices< registries< -et#d#t# c#t#logs< #nd :or>flo: orchestr#tion 
ser;ices< #nd KiiiM the physic#l $#")0$'#"Anet:or>s< stor#ge< #nd co-putersAneeded to host 
content #nd functions5 

The l#st t:o c#p#7ilitiesAfunctions #nd resourcesAc#n< in principle< 7e h#nded off to speci#list 
pro;iders5 ?f such speci#lists c#n deli;er resources or oper#te reDuired functions for -#ny 
co--unities< then K#g#in< in principleM econo-ies of sc#le c#n 7e #chie;ed< :hile scientists c#n 
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focus on :h#t they #re good #t< pro;iding content #nd #d;#ncing science5 ?n #ddition< indi;idu#l 
ser;ices c#n sc#le -ore e#sily #nd efficiently :hen needed5 

To see ho: this str#tegy c#n :or>< consider the HourceBorge syste-< :hich pro;ides hosting 
c#p#7ilities for co--unities de;eloping open source soft:#re5 P ne: open source prodect is 
pro;ided :ith #ccess to code #rchi;ing< -#iling lists< #nd other rel#ted functions< #s :ell #s the 
h#rd:#re reDuired to host those functions5 This outsourcing of function #nd resource is -#de 
possi7le 7y the eCistence of the ?nternet infr#structure #long :ith st#nd#rd Ge7 ser;ers< 7ro:sers< 
#nd #ssoci#ted protocols< :hich together #llo: users Kin this c#se< open source co--unitiesM to 
focus on pro;iding content KcodeM :hile HourceBorge runs Ge7 ser;ers #nd rel#ted infr#structure5 

?n # si-il#r -#nner< # EHourceBorge for scienceF :ould 7oth host scientific co--unitiesA
oper#ting co--unity -e-7ership ser;ices< c#t#logs< stor#ge ser;ices< :or>flo: orchestr#tion 
ser;ices< #nd so forthA#nd pro;ide #ccess to the h#rd:#re resources reDuired to oper#te 7oth 
those functions #nd the #pplic#tion-specific ser;ices th#t constitute the co--unities Econtent5F ?n 
this c#se< the supporting infr#structure -ust pro;ide # signific#ntly richer set of c#p#7ilities th#n 
does HourceBorge< enco-p#ssing< for eC#-ple< #ccess control< #ccounting< pro;isioning< #nd 
rel#ted -#n#ge-ent issues5 Ps noted #7o;e< Rrid #rchitectures #nd soft:#re KLTM #ddress -#ny of 
these concerns< #llo:ing users to focus on pro;iding Econtent<F :hich in this c#se co-prises not 
dust Ge7 p#ges 7ut #lso ser;ices< d#t#< #nd progr#-s5 

HourceBorgehs h#rd:#re reDuire-ents #re not su7st#nti#l #nd thus c#n e#sily 7e pro;ided 7y # 
centr#liJed syste-5 Ho:e;er< Ecy7erinfr#structureF KL`M to support scientific co--unities need 
not 7e centr#liJed5 Bor eC#-ple< the cpen Hcience Rrid KcHRM coll#7or#tion h#s constructed # 
distri7uted ERridF lin>ing clusters #t Q] sites #cross the _nited Ht#tes th#t tot#l thous#nds of 
co-puters #nd tens of ter#7ytes of stor#ge KLfM5 The &n#7ling Rrids for eHcience in &urope 
prodect< &R&&< h#s # si-il#r structure5 M#dor rese#rch uni;ersities #nd n#tion#l l#7or#tories 
p#rticip#te in cHR #nd &R&&< 7ut so do s-#ller institutions< :hich c#n thus enh#nce educ#tion#l 
#nd rese#rch opportunities5 Bor eC#-ple< Blorid# ?ntern#tion#l _ni;ersity is # signific#nt cHR 
resource pro;ider< th#n>s to its ^O-processor [inuC cluster5 Pll p#rticip#nts c#n o7t#in #ccess to 
l#rge Du#ntities of distri7uted stor#ge #nd co-put#tion#l po:er :hen they need it5 These syste-s 
#re 7eing used 7y rese#rchers in high energy physics< 7iology< che-istry< r#diology< #nd 
co-puter science5 

This sep#r#tion of concerns #lso suggests ne: roles for c#-pus infor-#tion technology 
org#niJ#tions5 ?n #ddition to oper#ting co--odity ser;ices such #s ?nternet #nd e--#il< these 
org#niJ#tions c#n host functions #nd pro;ide resources5 
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The -#ny groups :or>ing to #pply ser;ice-oriented techniDues to science #re e#ch eCploring one 
or -ore of three different #ppro#ches to the pro7le- of sc#ling5  ?n # first '))?&# '0++#$ #ppro#ch< 
rese#rchers  cre#te dedic#ted do-#in-specific infr#structures< in :hich unifor-ity is enforced 
#cross the 7o#rd< #t the content< function< #nd resource le;el5 Here< the co--unity st#nd#rdiJes 
the do-#in-specific soft:#reA#nd often #lso the h#rd:#reAth#t p#rticip#nts -ust deploy in 
order to pro;ide reDuired functions #nd resources5 ? gi;e three eC#-ples of such syste-s5 

The Bio-edic#l ?nfor-#tics nese#rch Zet:or>< B?nZ KL^M< is # Z#tion#l ?nstitutes of He#lth 
initi#ti;e to f#cilit#te coll#7or#tion in the 7io-edic#l sciences5 B?nZ h#s deployed st#nd#rd 
co-pute #nd stor#ge clusters #t L^ sites #cross the _nited Ht#tes5 These syste-s< plus ;#rious 
functions such #s c#t#logs #nd ontologies< support # ;#riety of coll#7or#ti;e rese#rch progr#-s in 
such #re#s #s -ouse 7r#in -orphology KO]M5 
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The Z#tion#l Hcience Bound#tionhs Zet:or> for &#rthDu#>e &ngineering Hi-ul#tion< Z&&H< is # 
n#tion#l coll#7or#tory en#7ling co--unity #ccess to speci#liJed instru-ent< d#t#< #nd si-ul#tion 
resources for e#rthDu#>e engineering5 &#ch of its L` instru-ent sites runs # Z&&H Point of 
Presence K# -odest PX :ith # st#nd#rd h#rd:#re configur#tionM :ith st#nd#rd soft:#re en#7ling 
teleo7ser;#tion< teleoper#tion< d#t# collection< #nd rel#ted functions5 Xentr#l ser;ices include 
c#t#logs #nd d#t# #rchi;es5 Z&&H h#s #lre#dy en#7led uniDue distri7uted eCperi-ents in;ol;ing 
f#cilities #t -ultiple sites KOLM5 

The Pl#net[#7 co-puter science test7ed is # collection of se;er#l hundred PXs #t uni;ersities #nd 
rese#rch l#7or#tories :orld:ide< e#ch :ith # st#nd#rd configur#tion #nd e#ch running st#nd#rd 
soft:#re KOOM5 Xo-puter scientists c#n o7t#in #ccess to EslicesF on distri7uted collections of these 
PXs< on :hich they c#n deploy #nd e;#lu#te eCperi-ent#l distri7uted ser;ices5 

Pushing the electric po:er grid #n#logy perh#ps f#rther th#n :e should< coo>ie-cutter #ppro#ches 
gi;e e#ch p#rticip#nt their o:n electricity gener#tor5 This str#tegy h#s the #d;#nt#ge of #chie;ing 
# high degree of centr#l control #nd thus unifor-ity5 cn the other h#nd< the cost of eCp#nding 
c#p#7ility is high< reDuiring the #cDuisition #nd deploy-ent of ne: h#rd:#re5  

?n # second< -ore 7otto--up #ppro#ch< rese#rchers de;elop "#$%&'# #')5):&#" in :hich 
#gree-ents on interf#ces #llo: p#rticip#nts to pro;ide content #nd function in #ny :#y they see 
fit5  

? referred #7o;e to the intern#tion#l ;irtu#l o7ser;#tory co--unityhs lcT#7le for-#t #nd to 
:or> in 7ioinfor-#tics5 The Yep#rt-ent of &nergyhs &#rth Hyste- Rrid< &HR KOM< is #nother 
eC#-ple of # discipline-specific ser;ice th#t e-ph#siJes the definition #nd i-ple-ent#tion of 
st#nd#rd interf#ces5 Building on the :idely used cPeZYPP protocol for pu7lishing #nd #ccessing 
en;iron-ent#l d#t#< &HR h#s deployed ser;ices th#t pro;ide #ccess to o;er L]] TB of cli-#te 
si-ul#tion d#t# fro- the Z#tion#l Xenter for Pt-ospheric nese#rchhs Xo--unity Xli-#te 
Hi-ul#tion Model #nd other -odels in;ol;ed in the ?ntern#tion#l P#nel on Xli-#te Xh#nge 
#ssess-ent5 M#ny ter#7ytes of d#t# #re do:nlo#ded fro- these ser;ices e#ch -onth5 

Ps # second eC#-ple< the _5o5 -yRrid prodect KfM h#s de;eloped tools th#t #llo: 7iologists to 
define :or>flo:s th#t integr#te infor-#tion fro- -ultiple sources< including 7oth 7iologic#l 
d#t#7#ses #nd 7ioinfor-#tics #pplic#tions5 These :or>flo:s c#n 7e #rchi;ed #nd then run 
periodic#lly to identify ne: pheno-en# of interest< #s for eC#-ple in # recent study of Gilli#-s-
Beuren syndro-e KOQM5 

Bor # third eC#-ple< the Yep#rt-ent of &nergyhs Busion Xoll#7or#tory KOSM oper#tes ser;ices th#t 
en#7le online #ccess to si-ul#tion codes5 By reducing 7#rriers to use< these ser;ices #re 
incre#sing use of #d;#nced co-put#tion#l techniDues5 Prodect -e-7ers h#;e #lso de-onstr#ted 
on-de-#nd coupling of si-ul#tion c#p#7ilities :ith physic#l eCperi-ents5 

Xontinuing the electric po:er grid #n#logy< such ser;ice ecologies define rele;#nt st#nd#rds< 7ut 
le#;e e#ch site to #cDuire #nd configure their o:n eDuip-ent5 This #ppro#ch h#s the #d;#nt#ge 
th#t the cost of entry c#n 7e lo:< p#rticul#rly if #ppropri#te soft:#re is #;#il#7le5 cn the other 
h#nd< indi;idu#l ser;ice pro;iders h#;e no i--edi#te -e#ns of sc#ling c#p#7ility 7eyond 
#cDuiring -ore h#rd:#re5 

The third #ppro#ch in;ol;es the definition #nd deploy-ent of :#*#$.5-40$4)"# &*=$."+$0'+0$#" 
th#t deli;er discipline-independent resources or functions5 ? h#;e #lre#dy -entioned cHR #nd 
&R&&5 Ps # third eC#-ple< the Z#tion#l Hcience Bound#tionhs Ter#Rrid lin>s resources #t nine 
sites #cross the _nited Ht#tes< :ith e#ch site deploying # co--on soft:#re distri7ution th#t 
per-its secure re-ote #ccess to co-puters #nd stor#ge syste-s< -onitoring of syste- 
co-ponents< #ccounting for us#ge< #nd so on5 Ter#Rrid t#rgets not only high-end Epo:er usersF 
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7ut #lso the l#rger co--unity ;i# the deploy-ent of Escience g#te:#ys<F discipline-specific 
ser;ices hosted on Ter#Rrid in support of specific co--unities5 

Rener#l purpose infr#structures c#n 7e co-p#red :ith po:er pl#nts< :hich oper#te to pro;ide 
electricity to #ny consu-er connected to the electric po:er grid5 [i>e po:er pl#nts< they h#;e the 
potenti#l to #chie;e econo-ies of sc#le< 7ut #lso -ust gr#pple :ith the ch#llenges of supporting 
-#ny users :ith di;erse reDuire-ents5  

?n #ddition to these n#tion#l or tr#nsn#tion#l efforts< -#ny uni;ersity c#-puses #re deploying 
Ec#-pus RridsF to support f#culty #nd students5 Bor eC#-ple< Purdue _ni;ersityhs Z#noHu7 
pro;ides students #nd f#culty :ith #ccess to ;#rious #pplic#tions< :hile the _X[P Rrid feder#tes 
-ultiple clusters #cross c#-pus #nd pro;ides online #ccess to popul#r si-ul#tion codes5 

These prodects< #nd -#ny others li>e the-< #re i-port#nt eCperi-ents in the policies< 
org#niJ#tion#l structures< #nd -ech#nis-s reDuired to re#liJe ser;ice-oriented science5 &le-ents 
of #ll three #ppro#ches :ill 7e reDuired if :e #re to #chie;e 7ro#d #doption5 ?n p#rticul#r< it 
c#nnot 7e efficient for e;ery scientist #nd co--unity to 7eco-e # ser;ice pro;ider5 ?nste#d< 
indi;idu#l co--unitiesAespeci#lly s-#ller co--unitiesAshould 7e #7le to outsource selected 
functions #nd physic#l resources< thus #llo:ing the- to focus on de;eloping their do-#in-
specific content5 The successful cre#tion #nd oper#tion of the ser;ice pro;iders th#t support this 
outsourcing reDuires 7oth Rrid infr#structure soft:#re #nd org#niJ#tion#l #nd funding structures 
th#t eCpose re#l costs so th#t E7uild ;s5 7uyF decisions c#n 7e -#de in #n infor-ed -#nner5 

 

S7;;"*< 

Her;ice-oriented science h#s the potenti#l to incre#se indi;idu#l #nd collecti;e scientific 
producti;ity 7y -#>ing po:erful infor-#tion tools #;#il#7le to #ll< #nd thus en#7ling the 
:idespre#d #uto-#tion of d#t# #n#lysis #nd co-put#tion5 _lti-#tely< :e c#n i-#gine # future in 
:hich # co--unityhs sh#red underst#nding is no longer docu-ented eCclusi;ely in the scientific 
liter#ture 7ut is docu-ented #lso in the ;#rious d#t#7#ses #nd progr#-s th#t representA#nd 
#uto-#tic#lly -#int#in #nd e;ol;eA# collecti;e >no:ledge 7#se5 

Her;ice-oriented science is #lso # ne: :#y of doing 7usiness< :ith i-plic#tions for #ll #spects of 
the scientific enterprise5 Htudents #nd rese#rchers -ust #cDuire ne: s>ills to 7uild #nd use 
ser;ices5 Ze: cy7erinfr#structure is reDuired to host ser;ices< especi#lly #s de-#nd incre#ses5 
Policies go;erning #ccess to ser;ices -ust e;ol;e5 P7o;e #ll< -uch h#rd :or> -ust 7e done in 
7oth disciplin#ry science #nd infor-#tion technology in order to de;elop the underst#nding 
needed for this potenti#l to 7e fully eCploited5 
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Big5 L5 Gh#t it c#n t#>e to 7uild # ser;iceAP po:erful #ppro#ch to the interpret#tion of 
ne:ly seDuenced geno-es is co-p#r#ti;e #n#lysis #g#inst #ll #nnot#ted seDuences in 
pu7licly #;#il#7le resources5 Xurrently the l#rgest seDuence d#t#7#se #t ZXB? cont#ins 
O5Q -illion protein seDuences5 The precision of genetic seDuence #n#lysis #nd #ssign-ent 
of function to genes c#n 7e incre#sed dr#-#tic#lly 7y the use of -ultiple 7ioinfor-#tics 
#lgorith-s for d#t# #n#lysis5 The RZPn& syste- discussed in the teCt preco-putes 
#n#lysis results for e;ery seDuence< finding protein si-il#rities KB[PHTM< protein f#-ily 
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do-#ins KB[cXoHM< #nd structur#l ch#r#cteristics5 Rrid resources #re used to run the 
resulting -illions of processes< # t#s> th#t -ust 7e repe#ted freDuently due to the 
eCponenti#lly gro:ing #-ount of d#t#5 ?-#ge credita Bioinfor-#tics group< M#the-#tics #nd 
Xo-puter Hcience Yi;ision< Prgonne Z#tion#l [#7or#tory5 
 
 
Big5 O5 The cpen Hcience Rrid lin>s stor#ge #nd co-puting resources #t -ore th#n Q] sites 
#cross the _nited Ht#tes to support # ;#riety of ser;ices #nd #pplic#tions< -#ny concerned :ith 
l#rge-sc#le d#t# #n#lysis5 Xircles sho: # su7set of cpen Hcience Rrid sitesk lines indic#te 
co--unic#tions< so-e :ith intern#tion#l p#rtners5 ?-#ge credita ?osif [egr#nd< X#ltech5 
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